Introduction
Languages constantly evolve. Language families unfold in time and space, and span the globe. A core question of evolutionary linguistics is whether this remarkable diversity is the outcome of mere neutral drift, or if further pressures relating to geography, climate, population size, and human biology guide diversification. We apply phylogenetic signal analyses to measure the reflection of longitudes, latitudes, altitudes and population sizes on language family trees. In particular, we evaluate the evidence that language family tree structure and external factors have evolved completely independently (phylogenetic signal of zero), if they have evolved by neutral drift (phylogenetic signal of one), or whether there are further adaptive and non-adaptive pressures at play (phylogenetic signal between zero and one or bigger than one).
Methods

Tree samples
We collect phylogenetic trees from three major sources: 1) A database harnessing openly available tree topologies (Dediu, in press) . 2) Bayesian posterior trees supplied by authors of recent phylogenetic studies for overall eight language families. 3) Trees derived via the maximum likelihood (ML) method applied to ASJP word lists (Wichmann et al., 2013) . Overall, we arrive at a sample of 52588 trees representing 54 language families.
Geographic and demographic information
Latitude and longitude information per language is taken from Glottolog (Hammarström, Forkel, Haspelmath, & Bank, 2016) . Altitudes are estimated using the Google Maps Elevation API 1 . Population size data is taken from the Ethnologue (Lewis, Simons, & Fenning, 2013) . We arrive at a sample of 6834 languages (unique ISO-639-3 and glottocodes) for which latitude, longitude, altitude, and population size is available.
Phylogenetic signal metrics
In a linguistic context, phylogenetic signal can be conceptualized as the extent to which languages close to each other on a phylogenetic tree also resemble each other in their population-level "external" traits. There is a range of methods to estimate phylogenetic signal (Münkemüller et al., 2012; Blomberg & Garland, 2002) . We focus here on two metrics in particular: Blomberg's K (Blomberg, Garland Jr, Ives, & Crespi, 2003) , and Pagel's λ (Pagel, 1997) .
Results and Discussion
We investigate 4 external factors by both signal metrics, K and λ, for all three sources of trees. For these 24 combinations, geographic factors and population size have mean phylogenetic signals significantly higher than zero (Wilcoxon test: p < 0.05). The mean values across the 12 combinations per signal metric range fromλ = 0.19 (SD = 0.26) toλ = 1.001 (SD = 0.071), and fromK = 0.35 (SD = 0.15) toK = 4.32 (SD = 4.54) respectively. These are also generally significantly different from one (p < 0.05). Analyses for 128 combinations by signal metric, external factor and language family yield qualitatively similar results.
Hence, phylogenetic signals are generally stronger than expected under the null hypothesis of completely independent evolution (i.e.K = 0 andλ = 0). Moreover, the prediction of neutral drift (i.e.K = 1 andλ = 1) is mostly not confirmed. This suggests that there are further adaptive and non-adaptive pressures at play when language families evolve and diversify. Based on systematic differences between language families we argue that these include convergent evolution, niche occupancy, heterogeneous rate drift and lateral transfer of lexical and structural material. Finally, there is preliminary evidence that language families expand more along longitudes than latitudes, thus confirming the hypothesized east-west tendency of human migrations (Diamond, 1999; Güldemann & Hammarström, in print) .
